Abstract. Multiple spacecraft observations are used to examine the spatial variation of magnetic flux ropes in the interplanetary medium near 1 AU. When the observing spacecraft are close and radially aligned they observe nearly the same structure. When they are radially aligned and far apart they reveal the expansion of the ropes with heliocentric distance. When the spacecraft are azimuthally separated and the separation vector is along the rope axis, this axis is shown to be bent. The observed radial expansion is consistent with earlier Helios results.
INTRODUCTION
While our studies with a non-force-free model of magnetic ropes clearly shows that the ropes are often nearly force-free, our data also indicates that these magnetic ropes expand as they move outward from the Sun. This expansion can be inferred from the "temporal" asymmetry in the magnetic field profile. Often the ropes exhibit a much faster rise in field strength as they cross the spacecraft than the later fall in magnitude. Since our model [1] and those of other groups when applied to a single spacecraft's data assumes cylindrical symmetry, we resort in our model inversion to use an "expansion" parameter to account for this asymmetry. An alternate approach of normalizing the components of the field by the field strength is less desirable because the rise and fall in field strength signals the pressure gradient in the field that balances the curvature force of the rope. Thus such normalization prevents the true force balance in the rope to be discerned.
Even with a single spacecraft one can confirm that flux ropes expand with radial distance using a statistical approach if that spacecraft is in an elliptical heliocentric orbit and covers a range of radial distances from the Sun. Wind, ACE and Pioneer Venus could not provide such data. However, Helios 1 and 2 could do so and were used to show that flux rope diameters scaled as R 0.78 ± 0.10 where R is the distance from the Sun. In our studies we have been able to obtain examples of two spacecraft measurements of the same flux rope and herein we exploit those data to verify this statistical relationship in individual cases.
We use the cylindrically symmetric form of our model [1] in which the axial field falls off from the center as a negative exponential of the distance from the center of the rope to a power. The power and the scale length of the fall off are both parameters of the fit. The axial field is proportional to one minus a negative exponential raised to a power. Again the power and the scale length of the exponential fall off are independently fitted in the inversion. Other parameters include the impact parameter of the rope crossing, the direction of the rope axis and an expansion factor.
In this study we attempt to capture a rope at two locations R 1 and R 2 as sketched in Figure 1 where the rope has radii, r 1 , and r 2 . We believe that these flux ropes are connected back to the sun as sketched in Figure 2 . This connectivity places constraints on how the tube expands as discussed later.
VERIFYING THE PROCEDURE
On January 7, 1998 NEAR was heading toward a gravity assist with the Earth when an ICME crossed it and the ACE spacecraft when they were separated by 0.04 AU radially and 0.02 AU azimuthally. The magnetic field data and the best independent fits to the data and the currents are shown in Figure 3 
THE BASTILLE DAY EVENT
In mid July 2000 when NEAR was aligned almost radially with the Earth, a very strong ICME termed the Bastille day event crossed ACE and later NEAR. The magnetic field data and derived currents are shown at ACE and NEAR in Figure 4 , using a fit in which the same rope was allowed to expand arbitrarily as it moved from ACE to NEAR. The dotted lines show a snapshot of the rope at a fixed time. The radius has changed from 0.25 AU to 0.43 AU over 1.76 AU. Thus the radius varies as R 0.96 , slightly higher than the Helios number R 0.78 ± 0.10 [2, 3] . Table 1 gives the parameters of the fitting procedure first by treating each fit as totally independent, secondly by adopting an expected fall off and fitting simultaneously, and lastly by fitting with an arbitrary fall off. All three approaches give similar results.
THE AUGUST 13, 2000 EVENT

On August 13, 2000 NEAR was 15
o east of the Earth-Sun line and at 1.72 AU from the Sun when an ICME crossed ACE and then NEAR. Figure 5 shows the observed and fitted magnetic field profiles for this event and the currents. The rope appears to be nearly force-free in the central regions but decidedly nonforce-free at the edges. Here we show the "free expansion" fit which allows the magnetic field and scale of the rope to have an arbitrary fall off. The size of the rope is found to vary as R 0.84 a value quite consistent with Helios [2] . Table 2 gives the parameters for this event as in Table 1 for the Bastille day event. 
SUMMARY
The similarity of the two independent inversions of the January 7 event as observed by Wind and NEAR suggest that our independent inversions are accurate or at least consistent. In Figures 6 and 7 we show the geometry that we obtain from these independent cylindrically symmetric fits for the July and August 2000 events. The July event clearly shows the expansion of the rope with radial distance. For the August event we have propagated the ACE solution with its velocity and expansion parameters to NEAR's heliocentric location to illustrate that the bend in the rope axis appears to be significantly less than that predicted by our dipolar extrapolation of the axial magnetic field. Figure 2 can be used to estimate the expected radial expansion of a cylindrically symmetric forcefree flux rope. First in a cylindrically symmetric force-free rope we expect the outward magnetic pressure of the rope that we approximate by the axial field squared to be balanced by the cross terms in the magnetic stress which we approximate by the product of the axial and poloidal fields. Then we note that the conservation of magnetic flux tells us that the axial field varies as the radius of the rope squared and the poloidal field varies as the product of the radius of the rope and the distance to the Sun. This latter relationship allows us to relate the radius of the rope to the heliocentric distance and show that the expected variation of the rope size with radial distance is roughly proportional to R. This is in fact close to the number we see. 
